Mitochondrial DNA (mtDNA) sequences are becoming increasingly important in the study of human population history. Here, we explore the diffferences in the amount of information of diffferent mtDNA regions and their utility for the reconstruction of South American population history. We analyzed six data sets comprising 259 mtDNA sequences from South America: Complete mtDNA, Coding, Control, hypervariable region I (HVRI), Control plus cytochrome b (cytb), and cytb plus 12S plus 16S. The amount of information in each data set was estimated employing several site-by-site and haplotype-based statistics, distances among sequences, neighbor-joining trees, distances among the estimated trees, Bayesian skyline plots, and phylogenetic informativeness profĳiles. The diffferent mtDNA data sets have diffferent amounts of information to reconstruct demographic events and phylogenetic trees with confĳidence. Whereas HVRI is not suitable for phylogenetic reconstruction of ancient clades, this region, as well as the Control data set, displays information for the demographic reconstruction during the Holocene period, probably because of the high rate of mutation of these regions. As expected, the Complete mtDNA and Coding data sets, displaying slower rates of mutation, present suitable information to estimate the founding subhaplogroups that populated South America and for the reconstruction of ancient demographic events. Our results point out the importance of evaluating the utility of diffferent DNA regions to respond to diffferent questions and problems in the human population studies, mainly considering the time scale of the phenomenon and the informativeness of the molecular region in a particular geographical area.
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M olecular data have become increasingly important during the last century for the study of human population histories. In recent years these studies have been revolutionized by the analysis of genome-scale data sets (Macaulay et al. 2005; Li and Durbin 2011; Rasmussen et al. 2011; Mallick et al. 2016 ).
In particular, the analysis of mitochondrial DNA (mtDNA) genomes has had a profound impact on studies of the evolution of human populations at global and regional scales. In this context, our understanding of the early dispersion and demographic history of the humans who peopled the Americas, mainly South America, has been greatly impacted by these analyses (Fagundes et al. 2008b; Perego et al. 2010; Bodner et al. 2012; de Saint Pierre et al. 2012b; Llamas et al. 2016) .
Despite many studies using genomic data, migratory and demographic topics are also addressed using mtDNA control region sequences and the nonrecombining region of the Y chromosome (Vigilant et al. 1991; Rubicz et al. 2007; Bisso-Machado et al. 2012; Wallace 2015; Poznik et al. 2016 ). In particular, several works employ sequences from hypervariable regions I and II (HVRI and HVRII) to explore hypotheses about the origin, migration route, and demographic history of aboriginal human populations that inhabited South America (e.g., Moraga et al. 2000; O'Rourke and Rafff 2010; Kemp and Schurr 2010; de Saint Pierre et al. 2012a) . More recently, studies exploring human evolution in the subcontinent have analyzed ancient DNA, sequencing mainly HVRI (e.g., Carnese et al. 2010; Fehren-Schmitz et al. 2011 , 2014 Mendisco et al. 2014; Postillone et al. 2017 ). These studies have generated a large comparative database of HVRI and HVRII, as well as a more restricted sample of complete mtDNA genomic data. Therefore, a critical issue is to understand the utility of these diffferent DNA regions or data sets for the study of past human populations in geographical regions as South America. This is particularly important if we consider that diffferent mtDNA regions display diffferences in their substitution rate (Endicott and Ho 2008; Soares et al. 2009 ) and therefore diffferences in the amount of phylogenetic information (Townsend 2007; Dornburg et al. 2014) . The relevant question here is which mtDNA region is more informative about a process or event for a given time interval in the past. Whereas in interspecies studies researchers have long discussed the utility of different mitochondrial and nuclear genomic regions for phylogenetic inference (e.g., Goldman 1998; Graybeal 1998; Yang 1998; Cotton and Wilkinson 2008; Camargo et al. 2012; Dornburg et al. 2014) , this problem has been scarcely explored in depth in human population studies (see Non et al. 2007 ). This is striking because, for example, the diffferent human mtDNA regions are known to difffer in their substitution rate and level of saturation (Soares et al. 2009 ). At present, there is no robust theory predicting the power of DNA regions for a particular time in the past, although the amount of information of a molecular sequence can be empirically quantifĳied (Townsend 2007) .
Here, we empirically explored diffferences in the amount of information of diffferent mtDNA regions and their utility for the reconstruction of human population history. A previous study explored the utility of diffferent mitochondrial genomic regions for phylogenetic inference in the Old World (Non et al. 2007) , suggesting that the mtDNA control region has limited utility for the study of the human population history. We statistically address this problem employing samples from South America, a model system that displays a recent human peopling (ca. 15,000-20,000 years ago; Fagundes et al. 2008b; Llamas et al. 2016 ). Although we explored American sequences, the objective of our work was methodological, having as its goal to understand the performance of diffferent data sets and not the examination of the peopling of America. Specifĳically, in this work we addressed the impact of variability and informativeness of diffferent mtDNA regions, some of them previously employed in South American studies, on genealogical (i.e., individual phylogeny) and demographic reconstructions. Unlike previous studies, we explicitly explored the impact of differences in the amount of information of diffferent mtDNA regions in the population dynamics estimation at a continental scale, in a model system with a more recent human peopling than previously used (Non et al. 2007 ). Therefore, we expected our results to difffer from previous works. We explored this problem using complete mtDNA genomes, multivariate statistics, and Bayesian methods. We also discuss the best way to employ mtDNA data sets in human population studies. We expect our study to allow for a better use of the large quantity of mtDNA data and to improve genealogical and demographic inferences.
Materials and Methods
We obtained 259 DNA sequences comprising the whole mitochondrial genome (complete mtDNA) from GenBank and previous publications (Hartmann et al. 2009; Perego et al. 2009 Perego et al. , 2010 Bodner et al. 2012; de Saint Pierre et al. 2012b; Llamas et al. 2016) . Accession numbers for the mitochondrial sequences from South America are shown in Supplementary Table S1 . These sequences come from modern and prehistoric humans of South America, particularly from south-central Andes (n = 123; Hartmann et al. 2009; Perego et al. 2009 Perego et al. , 2010 Bodner et al. 2012; de Saint Pierre et al. 2012b; Llamas et al. 2016) , northeastern South America (n = 17; Hartmann et al. 2009; Perego et al. 2009 Perego et al. , 2010 Bodner et al. 2012; Llamas et al. 2016) , and Pampa-Patagonia (n = 119; Perego et al. 2009; 2010; Bodner et al. 2012; de Saint Pierre et al. 2012b; Llamas et al. 2016) .
The sequences of mitochondrial genomes were aligned in the software MAFFT (version 7.012b; Katoh and Standley 2013), using the algorithm FFT-NS-2, and manually verifĳied with the software BioEdit (version 7.0.0; Hall 2004) . After alignment, the complete mtDNA data set was divided in two new data sets, the Control and Coding region data sets (Figure 1 ), which previously were used in studies about South American human evolution (e.g., de Saint Pierre et al. 2012a; Fagundes et al. 2008b ). The Control data set comprises 1,122 base pairs (bp), including positions 1-576 and 16024-16569; the Coding data set comprises 15,391 bp, between the positions 577 and 16023 (with two intercalated noncoding segments of 25 and 31 bp; Andrews et al. 1999) . We also analyzed only the 343 bp of the HVRI (Figure  1 ), from position 16024 to position 16365. Finally, we generated two novel data sets. The fĳirst novel data set, Control-cytb, includes the Control region and the 1,140 bp from the cytochrome b (cytb) gene (Figure 1 ; between positions 14747 and 15887). The second novel data set, cytb-12S-16S, includes cytb plus the 12S rRNA (between positions 648 and 1601) and 16S rRNA (between positions 1671 and 3229; Figure 1 ). We chose these data sets for two reasons: (a) the control, HVRI, and coding regions are widely used in studies of human population and evolution in South America (de Saint Pierre et al. 2012a; Fagundes et al. 2008b; Perez et al. 2016 ) and represent regions with marked diffferences in substitution rate and relative number of mutations (Soares et al. 2009 ); (b) conversely, the cytb, 12S rRNA, and 16S rRNA regions, as well as the control region plus cytb gene, are widely used in phylogenetic and biogeographic studies, mainly in analyses involving closely related species and subspecies (e.g., Marín et al. 2008; Lynch Alfaro et al. 2012; Metcalf et al. 2016) , and therefore could be useful for human population studies. All data sets were used in the subsequent analyses.
We fĳirst explored the diffferences among the molecular mtDNA data sets by estimating the similarity between distance matrices and genealogical trees obtained using each data set. We estimated the maximum composite likelihood distance and employed the neighbor-joining method, implemented in MEGA (version 7.0.20; Kumar et al. 2016) , to reconstruct the phylogenies. We employed the neighbor-joining method because it is more efffĳicient for large data sets than the alternatives (Tamura et al. 2004) . We then compared the matrices of distances and the genealogical trees obtained by calculating the matrix correlation (Smouse et al. 1986; Legendre and Legendre 1998) for the former and the Robinson-Foulds (RF) distance (Robinson and Foulds 1981; Kuhner and Felsenstein 1994) for the latter. To estimate the matrix correlation, the matrices were unfolded into vectors and a simple correlation was calculated. We also estimated dispersion plots, similar to empirical saturation plots (Graybeal 1994) , to graphically evaluate the utility of the mtDNA regions to reconstruct a phylogeny. The RF distance or topological congruence between trees was calculated as the number of internal branches observed in one phylogeny but not in the other. The matrix of RF distances was analyzed using two multivariate analyses: the unweighted pair group method with arithmetic mean (UPGMA) cluster and the nonmetric multidimensional scaling (nmMDS). RF distances were calculated in the Tree distance 3.695 program of the PHYLIP package (Felsenstein 2005) , whereas the matrix correlations and multivariate analyzes were performed in the software PAST (version 3.0; Hammer et al. 2001) .
We further described the diffferences among the molecular mtDNA data sets by calculating several site-by-site and haplotype-based statistics (Rozas 2009). For the site-by-site analyses, we calculated the number of variable positions or segregating sites (S) in each data set. Because this statistic is sensitive to the number of sites in the sequences (N s ; Rozas 2009), we calculated the number of segregating sites on the total number of sites in the sequence (S/N s ). We also estimated the mean number of nucleotide diffferences between sequences (k) and the average number of nucleotide diffferences per site or the nucleotide diversity (π), defĳined as k divided by the number of sites in the sequence, excluding the sites with alignment gaps (Rozas 2009). Finally, we estimated the number of diffferent DNA sequences or haplotypes (h) and the mean of the haplotype proportions or haplotype diversity (H; Rozas 2009). Because the defĳinition of haplotypes is related to the number of sites in the sequence (N s ), we estimated the number of haplotypes divided by the number of site in the sequences (h/N s ).
Second, we used the six mtDNA data set to estimate the demographic trajectories of the South American populations employing the Bayesian skyline plot (BSP) method (Drummond et al. 2005) implemented in the software BEAST (version 1.6.1; Drummond and Rambaut 2007). The BSP method uses the shape of a genealogy estimated with molecular data to reconstruct the demographic dynamics of a population in the past (Drummond et al. 2005; Ho and Shapiro 2011) . The method simultaneously estimates genealogy, coalescence time, and population size through time using a Markov chain Monte Carlo sampling procedure (Drummond et al. 2005) . We used the BEAUti program to set the parameters of the analyses for the data sets. The models of substitution for each mtDNA region or data set were inferred with the Akaike information criterion with correction for sample size implemented in the software jModelTest (version 2.1.10; Guindon and Gascuel 2003; Darriba et al. 2012 ). The HKY+I+G model of mtDNA sequence substitution displayed the best fĳit for all data sets. The sequences were analyzed under an uncorrelated lognormal relaxed molecular clock model, and we set the tree priors as a coalescent Bayesian skyline. The number of generations was established at 50,000,000 and the sample frequency at 5,000 for the Markov chain Monte Carlo sampling. We employed two widely used substitution rates in South American studies (Fagundes et al. 2008b; de Saint Pierre et al. 2012a; Perez et al. 2016 ): 3.02E-7 substitutions per site per year (Endicott and Ho 2008) for the control, HVRI, and control plus cytb regions, and 1.26E-08 substitutions per site per year (Fagundes et al. 2008b ) for complete mtDNA, cytb plus 12S plus 16S, and coding region. The use of ancient DNA can influence our demographic estimations, so we alternatively included and excluded the ancient sequences in the analyses. The BSPs were reconstructed using the estimated genealogies in the software Tracer (version 1.5; Rambaut and Drummond 2007). Tracer also was used to test for the convergence in the parameters of the Bayesian analyses.
Finally, we explicitly tested for the phylogenetic informativeness of the diffferent data sets. We employed the online application PhyDesign (López-Giráldez and Townsend 2011), which implements the Townsend (2007) phylogenetic informativeness profĳile. This method provides a quantitative measurement of the utility of a molecular region or data set to reconstruct a phylogeny at diffferent times in the past (Townsend 2007; López-Giráldez and Townsend 2011). Phylogenetic informativeness relates nucleotide saturation in a molecular region to the estimated divergence time (Townsend 2007; Dornburg et al. 2014) . Specifĳically, the informativeness profĳile is estimated based on the ratio of the observed rate of substitution to the optimal rate of substitution for genealogical inference at diffferent times in the past (Dornburg et al. 2014) .
Results
The relationships among mtDNA lineages estimated by the neighbor-joining trees are similar for the Complete mtDNA, Control, Control-cytb, and Coding data sets ( Figure 2) . The complete mtDNA tree shows that haplogroup B, including the subhaplogroups B2 and B2i, is related to subhaplogroup A2. Haplogroup D displays large variability and shows four well-defĳined clades or subhaplogroups (note that we use the terms haplogroup, subhaplogroup, and haplotype only as a convenience in this work; for a broader discussion of the terminology, see Kemp and Schurr 2010), all of them monophyletic (D1, D4h3, D1g, and D1j). The tree also displays large diversity in haplogroup C, showing the monophyly of subhaplogroups C1b, C1c, and C1d. The trees based on the Control and Control-cytb data sets display slight diffferences from the Complete mtDNA tree. In particular, in these data sets some subhaplogroups, such as D1 and D4h3, are not monophyletic. Conversely, the trees based on HVRI and cytb-12S-16S data sets display large diffferences. In particular, the HVRI shows that almost all the subhaplogroups are not monophyletic, displaying diffferent relationships among them. Finally, the tree based on the Coding data set displays some similarities with the Complete mtDNA tree, showing only subhaplogroups D1g and B2 as polyphyletic.
The pattern of similarity between the data sets can be better observed in the nmMDS (stress = 0) and UPGMA results ( Figure 3 ). These results confĳirm that the Co ntrol and Control-cytb data sets generate trees more similar to the Complete mtDNA tree, whereas the HVRI and cytb-12S-16S trees display large diffferences compared to each other and to the Complete mtDNA tree. We also explored the variation in a data set displaying sequences from all America, including the 259 South American sequences and 174 sequences from North America (Supplementary Table S2 ; Just et al. 2008; Hartmann et al. 2009; Perego et al. 2009 Perego et al. , 2010 Achilli et al. 2013; Llamas et al. 2016) , to compare with the South American case. The results show a pattern of diffferences among the mtDNA data sets for the American sample (Supplementary Figure S1 ) that is similar to the pattern observed for the South American sample, suggesting that our results could be generalized to the entire peopling of America. When we observed the correlations between distance matrices (Table  1) , the Control, Control-cytb, and Coding data sets show correlations between 0.90 and 0.98, whereas the cytb-12S-16S and HVRI data sets display correlation values of 0.84 and 0.87, respectively. Despite the global similarities, the dispersion plot showed in Figure 4 graphically suggests that the HVRI and Control data sets change at a much higher rate than do the Complete mtDNA, Coding, and cytb-12S-16S data sets. calculated the mean number of nucleotide diffferences between sequences (k) and the nucleotide diversity or the proportion of k on N s (Table 2) . When we consider the haplotype analyses, we also observed a pattern similar to the one we detected in the site-by-site analyses: whereas the Complete mtDNA and Coding data sets display the largest number of haplotypes (h), the Control and HVRI data sets display the largest values of proportional number of haplotypes (h/N s ).
In concordance with the pattern of similarities in sequence variability and rate of substitution, the BSP result displays a clear pattern of diffferences between data sets. In particular, the noncoding data sets (Control and HVRI) show that the female efffective population size was constant from the initial peopling until ca. 7,500 years ago and increased between 7,500 and 4,000 years ago (Figure 5) . The Control-cytb data set result displays a similar pattern of demographic change. Conversely, the Complete mtDNA and Coding data sets show more complex demographic dynamics, with an additional increase in the population size ca. 17,000 years BP ( Figure 5 ). These data sets also display a later increase in population size ca. 5,500 years BP, suggesting that the largest data sets present more A similar pattern of diffferences among the data sets arises from the analyses of site-by-site and haplotype variation ( Table 2 ). The number of segregating sites was relatively large in the Complete mtDNA and Coding data sets, intermediate in the Control and HVRI data sets, and low in Control-cytb and cytb-12S-16S data sets. However, the Control and HVRI data sets display the largest values of proportional segregating sites (S/N s ). We observed the same pattern when we past, ca. 17,000 years BP, decaying quickly from that time until the present. The Control and Controlcytb data sets, together with the Complete mtDNA, display the largest informativeness during the last 2,000 years ( Figure 6 ). The pattern of diffferences among the data sets observed in the informativeness profĳiles look similar to that observed in BSP results and in the other analyses, suggesting the importance of considering informativeness estimations in reconstructing population dynamics at diffferent times in the past.
Discussion
Previous work in the Old World has shown that phylogenetic trees based on the mtDNA control region are poorly resolved (Non et al. 2007 ). In the same way, the works performed in America have suggested that data sets such as the mtDNA control region-including the HVRI-have limited utility for studying human population history in the continent (Tamm et al. 2007; Fagundes et al. 2008b; de Saint Pierre et al. 2012b ). In particular, these studies have pointed out that the lineage genealogy or phylogeny of the mtDNA variants in America could not be reconstructed using the HVRI or control region, making it difffĳicult to defĳine the founding clades or subhaplogroups that arrived on the continent during the early peopling (Fagundes et al. 2008a; de Saint Pierre et al. 2012b ). More generally, it was suggested that the time and mode of the early American peopling cannot be reconstructed with confĳidence when the HVRI or control region is used because they both display limited information-mainly due to the small size of these sequences-and high frequency of recurrent mutations (Tamm et al. 2007; Non et al. 2007; Fagundes et al. 2008b ). Conversely, previous studies pointed out that the complete coding region and the complete mtDNA should be more appropriate for genealogical reconstruction and the study of population history in America (Tamm et al. 2007; Fagundes et al. 2008a Fagundes et al. , 2008b de Saint Pierre et al. 2012b) . Many of these studies assume that these large sequences are most useful than the noncoding ones because they present changes that are unique and irreversible (but see Non et al. 2007 ). This assumption is in line with more general discussions in studies of phylogenetic inference about the utility of unique and irreversible changes versus characters that present recurrent states (Townsend 2007; Yang 1998) . To the best of our knowledge, although many statistics have been generated to measure the utility of diffferent sequence data in phylogenetic inference, there have been few systematic explorations of this problem in anthropological studies (Non et al. 2007) , and there has been no systematic research at small temporal scales, such as the observed in the South American peopling. Contrary to suggestions of previous studies, our results display a complex scenario, where different mtDNA regions have variable usefulness for the study of diffferent problems. In particular, the results suggest that sequence length is not the relevant dimension to discuss the utility of the different data sets for the study of human population history in South America. We demonstrate that data sets with diffferent sequence lengths display very similar distance matrices and almost identical phylogenetic trees (Table 1, Figures 2 and 3) . The Control and Control-cytb data sets generated trees more similar to the Complete mtDNA data set tree. When we compare the distance matrices, we can observe that the Coding, Control, and Control-cytb data sets display a pattern of diffferences among cases similar to that of the Complete mtDNA data set. These results suggest that the control region has sufffĳicient information to reconstruct the lineage FIGURE 6. Net phylogenetic informativeness profi les of the six data sets studied.
genealogy or phylogeny of the mtDNA variants in South America. This result contrasts with the most general expectation that the length of sequence is important in experimental design (Goldman 1998). Conversely, the tree and distance matrix obtained with the HVRI data set display important diffferences with the other data sets. Therefore, we argue that this mtDNA region does not provide sufffĳicient information to reconstruct a reliable phylogenetic tree and defĳine the founding subhaplogroups that peopled South America, as has been previously suggested (Fagundes et al. 2008a; de Saint Pierre et al. 2012b ).
However, the problem discussed here is not simple. As we point out above, previous studies also suggested that the high mutation and/or substitution rate of the noncoding HVRI and full control region could be a problem for the study of ancestral population dynamics in America, particularly because of the high frequency of recurrent mutations (Tamm et al. 2007; Fagundes et al. 2008b ). Nevertheless, our results suggest that HVRI and the control region display a convenient rate of mutation for studying details of the Holocene demographic change in South America (Figures 4 and 5) . In particular, when we analyze these molecular data sets, and when we explore the Control-cytb data set, the BSP analyses show a quick population increase ca. 7,000-6,000 years ago, which is similar to the results shown for South America by previous works employing molecular and archaeological data (Marquet et al. 2012; Goldberg et al. 2016; Perez et al. 2016 ). The results also show the impact of the European colonization during the last 500 years on the mtDNA molecular variation. Conversely, the Coding and Complete mtDNA data sets show less detail for the dynamics of population increase after ca. 7,000-6,000 years ago. The analyses of these data sets also suggest that this event was more recent, ca. 5,000 years ago, than the interpretation based on the BSP analysis of the noncoding sequences. Although this temporal diffference in the time of the Holocene population increase could be related to uncertainties in the estimation of the substitution rate employed (Llamas et al. 2016) , the BSP based on Coding and Complete mtDNA data sets shows another important diffference: an additional population increase event ca. 19,000 years ago. This population increase has been described previously in DNA studies employing diffferent data (Fagundes et al. 2008a (Fagundes et al. , 2008b Kitchen et al. 2008; Llamas et al. 2016; Poznik et al. 2016) . However, it is important to remark that the estimated mean time of this event varies between 15,000 and 25,000 years ago, depending on the substitution rate employed by each study (Llamas et al. 2016) .
All the results obtained in this work make sense if we consider the time scale of South American peopling and the values of sequence informativeness. The informativeness profĳiles show that only three data sets, Complete mtDNA, Control, and Control-cytb, display relatively high values of net informativeness during the last 2,000 years ( Figure  6 ). In particular, the Control and Control-cytb data sets display relatively high values of informativeness mainly in times close to the present, whereas the Complete mtDNA data displays high values in this period and during the initial divergence time ca. 17,000 years ago. The Coding data set also displays high values of informativeness for the earliest times analyzed. Both the Coding and Complete mtDNA data sets are very useful to study relatively ancient processes and events in America, but this large quantity of information about ancient events could cause problems in the estimation of more recent events, as suggested by our BSP results ( Figure 5 ). These results, together with our other results, do not support the opinion that the mtDNA control region presents limited information for genealogical reconstruction and for the study of population history in America (Tamm et al. 2007; Fagundes et al. 2008a Fagundes et al. , 2008b . Conversely, the HVRI and the cytb-12S-16S data sets show low values of informativeness over time, corroborating its previously hypothesized limited value for the American human population studies. Our results also suggest that mtDNA regions widely used previously to explore phylogenetic relationships among closely related species or subspecies, such as cytb, 12S, and 16S, do not display sufffĳicient information to investigate the population processes in the time frame of South America human evolution, or in similar problems such as the peopling of the entire America, probably related to the fact that a relatively small number of mutations can be observed in this mtDNA region for our data set (Table 2, Figure 6 ).
In summary, we demonstrate the complex behavior of the diffferent mtDNA data sets used in previous studies. They have diffferent degrees of information to reconstruct phylogenetic trees with reliability and infer without error the founding monophyletic clades or subhaplogroups of America. Our results indicate that HVRI is not suitable for phylogenetic reconstruction of ancient clades because this mtDNA region does not have sufffĳicient information of events that occurred in the distant past, that is, during the Pleistocene. Moreover, the HVRI and Control data sets display information for the demographic reconstruction during the Holocene period, where the high rate of mutation seems to be a valuable characteristic. Conversely, the Complete mtDNA, Coding, Control, and Control-cytb data sets display sufffĳicient information for phylogenetic reconstruction in this geographic region during the time span of the human peopling. As expected, the complete mtDNA and coding region, displaying slower rates of mutation, present better information for the reconstruction of ancient demographic events.
Final Remarks
During the last decades it became obvious that inference of evolutionary patterns from molecular sequences is a statistical problem and requires the use of experimental design (Goldman 1998; Townsend 2007; Yang and Rannala 2012) . Nevertheless, human population studies have paid little attention to this problem. Previous studies have followed the "empirical folklore" and a few worldscale studies (Non et al. 2007 ), such as occurred decades ago in the interspecies works (Goldman 1998), about the best molecular sequences to use and the sampling of individuals for population analyses. They have not systematically employed formal methods to explore the utility of diffferent sequences or to sample individuals to test diffferent population problems. Our results indicate the importance of evaluating the utility of diffferent DNA regions to address diffferent questions and problems in human population studies, mainly considering the time scale of the phenomenon and the informativeness of the molecular region in a particular geographical area.
In this study, we explored the utility of sequences for the reconstruction of human population history. However, the discussions about experimental design in molecular studies go beyond sequence informativeness (Goldman 1998; Graybeal 1998; Geuten et al. 2007) . Therefore, future studies are needed to explore the impact of the use of multiple sequences and the sampling of individuals from diffferent times and geographical areas in the reconstruction of human population history. This is particularly relevant if we consider that the mtDNA databases for regions such as HVRI or the control region are considerably larger than the sample of complete mtDNA genomes. SUPPLEMENTARY FIGURE S2. Demographic changes in South America estimated based on the modern molecular sequences of the six data sets studied. The times are scaled.
SUPPLEMENTARY FIGURE S1. Nonmetric multidimensional scaling (nmMDS) and unweighted pair group method with arithmetic mean (UPGMA) cluster analyses of topological diff erences among the phylogenetic trees for all American sequences. The analyses used the Robinson-Foulds (RF) distance to estimate the similarity between the data sets. 
